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1. 
I. PROJECT OBJECTIVES 
The p r i n c i p a l  o b j e c t i v e  of t h i s  p r o j e c t  is  t o  determine t h e  propa- 
g a t i o n  r e l i a b i l i t y  of microwave s i g n a l s  i n  t h e  2 GHz frequency r eg ion  i n  
t h e  Gulf-South Region of t h e  United S t a t e s .  The approach f o r  s a t i s f y i n g  
t h i s  o b j e c t i v e  c o n s i s t s  of two phases. 
The o b j e c t i v e  of Phase I w a s  t o  review t h e  e x i s t i n g  l i t e r a t u r e  on 
propagat ion s t u d i e s  i n  t h e  2 GHz frequency r eg ion .  The in fo rma t ion  from 
t h e  l i t e r a t u r e  survey served a s  a guide f o r  planning t h e  experimental  
program f o r  Phase 11. 
The o b j e c t i v e  of Phase 11 is t o  determine t h e  f a d e  margins r equ i r ed  
i n  o r d e r  t o  ach ieve  a p a r t i c u l a r  propagation r e l i a b i l i t y  i n  t h e  2 GHz 
frequency region.  This propagat ion r e l i a b i l i t y  i n fo rma t ion  should be 
v a l i d  f o r  v a r i o u s  p a t h  l e n g t h s  i n  the Gulf-South Region. The f a d e  margin 
of a microwave l i n k  i s  de f ined  as the  r a t i o  ( u s u a l l y  expressed i n  d e c i b e l s )  
of t h e  median received s i g n a l  power t o  t h e  minimum usab le  s i g n a l  power. 
The median r ece ived  power 4s t h e  l e v e l  of t h e  r ece ived  power which i s  
exceeded f i f t y  pe rcen t  of t h e  t i m e .  The minimum u s a b l e  power corresponds 
t o  t h e  minimum s i g n a l  l e v e l  t h a t  the r e c e i v e r  can d e t e c t  and s t i l l  ma in ta in  
a u s a b l e  ou tpu t .  
Knowledge of t h e  d e s i r e d  f a d e  margin and median r ece ived  s i g n a l  a l lows 
t h e  sub-systems of t h e  t r a n s m i t t i n g  and r e c e i v i n g  s t a t i o n s  t o  be determined. 
? 
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2.  
11. EXPERIMENTAL RELIABILITY STUDY 
. 
A. P r i n c i p a l  Ob jec t ive  of Phase I1 
The p r i n c i p a l  o b j e c t i v e  of Phase I1 is t o  determine t h e  f a d e  
margins r equ i r ed  f o r  v a r i o u s  path l e n g t h s  i n  t h e  Gulf-South area i n  
o r d e r  t o  ach ieve  a p a r t i c u l a r  propagat ion r e l i a b i l i t y  i n  t h e  2 GHz 
frequency region.  For t h e  experimental  phase of t h e  propagat ion 
s tudy  t e n  d i f f e r e n t  p a t h s  i n  t h i s  frequency r e g i o n  and geograph ica l  
area have been instrumented t o  o b t a i n  propagat ion r e l i a b i l i t y  in-  
formation. 
2 GHz microwave system owned by Texas Eas t e rn  Transmission Corporation. 
The use  of t h e i r  system f o r  t h i s  r e s e a r c h  has  been donated by Texas 
E a s t e r n  i n  t h e  in te res t  of f u r t h e r i n g  t h e  b a s i c  knowledge of microwave 
p ropaga t ion  phenomena. 
The p a t h s  being monitored are a l l  p a r t  of an e x t e n s i v e  
I n  t h e  fol lowing paragraphs t h e  c u r r e n t  s t a t u s  of t h e  experi-  
men ta l  phase of t h i s  r e s e a r c h  is  d i scussed .  
B. Fade Margin Data Reduction 
For t h e  r e p o r t i n g  pe r iod  ending 1 September, 1966, approximately 
seven months of s i g n a l  d i s t r i b u t i o n  d a t a  have been taken. A l l  of t h e s e  
d a t a  have been reduced and s i g n a l  level  d i s t r i b u t i o n  curves have been 
p l o t t e d  f o r  each of t h e  t e n  s e l e c t e d  p a t h s .  
S i g n a l  f ad ing  d i s t r i b u t i o n s  have been p l o t t e d  f o r  two-week p e r i o d s  
f o r  each p a t h  and f o r  a six-month t o t a l  f o r  each pa th .  
From t h e  six-month curves two sets of curves  have been p l o t t e d .  
These curves show t h e  e f f e c t  of s i g n a l  f ad ing  due t o  p a t h  l e n g t h  and 
geograph ica l  l o c a t i o n  r e s p e c t i v e l y .  
3 .  
Path number ten l o c a t e d  from Siloam, Kentucky, t o  Wheelersburg, 
Ohio, has  an e l e v a t i o n  ang le  of approximately 1.5 degrees .  
has  e x h i b i t e d  f ad ing  a c t i v i t y  wi th  s i g n a l  fades  as deep as 25 db. 
This  pa th  
C. Fade Margin Data Analysis  
A set of equat ions has been de r ived  from t h e s e  experimental ly  
ob ta ined  s i g n a l  l e v e l  d i s t r i b u t i o n s  which al low c a l c u l a t i o n s  of t h e  
f a d e  margin r equ i r ed  f o r  a given propagat ion r e l i a b i l i t y  as a 
f u n c t i o n  of p a t h  l eng th  and geographical  l o c a t i o n .  
A d i g i t a l  computer program has been w r i t t e n ,  which al lows 
c a l c u l a t i o n  of t h e  r equ i r ed  fade margin when t h e  d e s i r e d  propagat ion 
r e l i a b i l i t y ,  p a t h  l e n g t h ,  and geographical  l o c a t i o n  are s t a t e d .  The 
program i s  w r i t t e n  i n  t h e  For t r an  format.  
These equa t ions  are v a l i d  f o r  t h e  g e n e r a l  geograph ica l  area 
from Shreveport ,  Louis iana,  t o  Portsmouth, Ohio, and f o r  p a t h  l eng ths  
va ry ing  from 20 m i l e s  t o  40 miles  i n  l e n g t h .  
D. C ross -co r re l a t ion  Study 
Implementation of t h e  c r o s s - c o r r e l a t i o n  equipment using an  
analog computer and magnetic tape r eco rd ing  has been completed. 
Simultaneous recordings of t h e  AGC s i g n a l s  f o r  t h r e e  pa ths  
have been made and c r o s s - c o r r e l a t i o n s  of t h e s e  s i g n a l s  have been 
performed. There w a s  a d e f i n i t e  c o r r e l a t i o n  of t h e  s i g n a l s  and 
p l a n s  are being made t o  o b t a i n  some a d d i t i o n a l  r eco rd ings .  
4 .  
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111. CONTINUATION OF STUDY 
During t h e  pe r iod  September 1, 1966, t o  January 31, 1967, the 
exper imenta l  phase w i l l  be  continued and completed. 
five-month pe r iod  w i l l  complete a one-year compi la t ion  of exper imenta l  
da t a .  From t h e s e  d a t a  a r ev i sed  s e t  of c o e f f i c i e n t s  f o r  t h e  des ign  
equa t ions  w i l l  b e  emper ica l ly  der ived .  
Th i s  a d d i t i o n a l  
